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Introduction
The end of the cold war has resulted in many changes for the Nuclear Weapons Complex (NWC). We now work in a smaller complex, with reduced resources, a smaller stockpile, and no new phase 3 weapons development programs. This new environment demands that we re-evaluate the way we design and produce nuclear weapons. The Defense Program (DP) Business Practices Re-engineering activity was initiated to improve the design and production efficiency of the DP Sector. The activity had six goals: 1. to identify DP business practices that are exercised by the Product Realization Process 2. to determine the impact (positive, negative, or none) of these practices on the performance and efficiency of the PRP; 3. to identify business practices that are candidates for elimination or re-engineering; 4. to select two or three business practices for re-engineering; 5. to re-engineer the selected business practices; and 6. to exercise the re-engineered practices on three pilot development projects.
(PRP);
Business practices include technical and well as administrative procedures that are exercised by the PRP.
The DP Business Practices Quality Function Deployment (QFD) activity was developed to address the first four goals. This SAND report describes the QFD activity.
The QFD process consisted of the following steps: 1. Identifjl, prioritize, and define criteria for judging the impact of Business Practices on the PRP; 2. Identifjl, group, and define DP business practices; 3. Evaluate the impact of the business practices on the PRP using the criteria in (1); and 4. Based on impact, make recommendations on what business practices need to be reengineered or eliminated.
Step 1 was performed by the customer of the re-engineering effort, the Block Change Advisory Group. We scheduled a four-hour meeting in which the Advisory Group identified, defined and prioritized the criteria to evaluate the DP business practices. Five criteria were identified. In addition each business practice was to be evaluated against each criteria for the practice as an isolated process and as a part of the overall PRP. The Advisory Group separated individual practice performance from the performance of the practice in the overall PRP system to determine if practices were being optimized individually, at the expense of the overall PRP.
The remaining steps were completed by a group of 25 managers and staff representing the business practices exercised by the PFW. These representatives included personnel from Allied Signal-Kansas City (KCD) and Sandia National Laboratories, California and New Mexico. This group participated in a one week meeting in which they identified and defined DP business practices, and evaluated those business practices against the Advisory Group's criteria. The practices were evaluated against the criteria using the Pugh Analysis technique.
From this analysis, the group made preliminary recommendations as to which practices would be addressed in the re-engineering activity. Sixteen practices will be addressed in the reengineering activity. These practices will then be piloted on three projects:
Warhead Protection Program (WPP).
the Electronic Component Assembly (ECA)/Radar Project, the B61 Mod 11, and
Step 1: Identifying, Defining, and Prioritizing Criteria
The criteria for evaluating DP business practices were developed in a four-hour meeting with the Block Change Advisory Group. The meeting was video-conferenced between Sandia California and New Mexico. The Advisory Group defined the purpose of the meeting: to establish criteria against which to measure the effectiveness of DP processes and practices. The group then brainstormed possible evaluation criteria. Using the affinity process, they grouped similar criteria into similar categories. Because the meeting was video-conferenced, California and New Mexico sites separately grouped the brainstormed criteria. The two sites then reported their results and reconciled differences. Five criteria were identified: 1. Cycle Time, 2. Flexibility, 3. cost, 4. Product Performance/Quality, and 5. Best Practices.
For each of the criteria, definitions were developed. Finally the criteria were prioritized. The criteria, their definitions, and their priorities are given in Attachment 1. In addition, the group determined that each business should be evaluated against the criteria: 1. as an isolated practice or process separate from the PRP, and 2. as a part of the overall PRP.
In a separate meeting Carol Murray (SNL), Laura Halbleib (SNL), and Dom Palamara (KCD) did a preliminary evaluation of three business practices to determine if the criteria would be usehl in rating PRP systems and procedures. For this preliminary evaluation, the following processes were used:
Supplier Contracting (does not include supplier qualification); Concurrent Qualification (not the EP401100 procedure but the implementation of concurrent qualification); and the Engineering Release System (e.g., AER, IER, EER, QER, etc.) .
The results of the preliminary evaluation are given in In this preliminary evaluation, the criteria appeared to work well in rating DP business practices. A decision was made to continue with the QFD process.
Step 2: Identify, Group, And Define DP Business Practices
The DP Business Practices QFD meeting was held October 2-6, 1995. The goal of the meeting was to complete steps 2 and 3 of the QFD process and to provide input to step 4. Attendees for the meeting are given in Attachment 2.
The attendees used the affinity process to brainstorm and group DP business practices. Several attempts at grouping brainstormed ideas were made. The number of attendees (28 total) and the number of brainstormed business practices (approximately 200) contributed to the difficulty in grouping the practices. Consequently, the affinity process took two days to complete. The attendees finally grouped business practices in a matrix format by: PRP Subprocess; and Practice Type. . In addition, Legal and ES&H Practice Types were identified. However, there were no representatives for either of these types at the meeting. Therefore, these practices were not addressed.
Forty-nine business practices were identified. These business practices are given in Attachment 3 by PRP Subprocess and Practice Type. The attendees were then divided into teams to develop definitions for the business practices. Teams were organized by business practice type. Attendees were assigned to teams based on their expert knowledge of the business practice type. The teams and their members were:
Financial (Elena Holland, Helen Finley, Jake Gonzales, and Brian Behling); Quality (Jay what the practice includes and doesn't include (the scope of the business practice).
Step 3: Evaluate The Impact Of The Business Practices On The PRP Using The Advisory Group Criteria
The attendees then evaluated the business practices using the Advisory Group criteria. The Pugh Matrix scoring method described in
Step 2 was used to score each practice. For each practice, weighted and unweighted totals for negative and positive values were calculated.
High negative scores indicate that a practice might be a candidate for re-engineering.
Scoring for practices as independent processes was performed by the teams of knowledgeable experts. For example, scoring for all financial practices as independent processes was performed by the financial team. Scoring for impact on the overall PRP was done by individual attendees and then voted on as a group. The final overall PRP score for a particular practice and criteria was determined by a majority vote. Scores for practices as independent processes and overall impact on the PRP, and their totals are reported in Attachment 5.
Step
4: Make Recommendations On What Business Practices Need To Be ReEngineered Or Eliminated
Once the scores were calculated for each practice, an analysis of the scores was performed.
First, in reviewing the scores we noted that the individual and overall PRP scores did not differ greatly for each business practice. Second, the unweighted scores did not provide adequate differentiation between business practices to make decisions on what pract.ices to reengineer. Thus, we decided to use the negative weighted totals for the business practices as part of the overall PRP system for the final analysis.
A histogram of the negative weighted totals on the overall impact of the PRP for all business practices is given in Attachment 6. Five practices had a negative weighted score greater than or equal to 25. These practices were: Staffing of Projects; Engineering Development; Material Acceptance; and Procurement.
Traceability of Design Requirements and Intent, Rationale and Decisions, and Processes;
In general, the attendees agreed that these practices were prime candidates for re-engineering. However some concerns were noted. First, some attendees expressed the concern that in reengineering the identified business practices as separate from the overall PRP, these practices would be optimized individually, but could result in suboptimum performance of the overall PRP. Second, attendees were concerned that any re-engineering effort that was not focused on the "worker bee" would not be successful. Third, the attendees were concerned that any teams assigned to re-engineer the selected business practices, would not have the authority to implement the new practices. Fourth, some attendees were concerned that any teams assigned to re-engineer the selected business practices would not dedicate the time required to complete the re-engineering effort. Finally , a previous study with goals similar to this QFD effort was performed on the Mark 5 Arming Fusing and Firing (AF&F). Some attendees were concerned that the results of this study would not incorporate the AF&F study. These concerns are address in the following section and Final Recommendations.
Reconciliation with Mk5 AF&F Characterization Work
This QF'D presents a collective assessment of the appropriateness of various business practices for the future state described by the criteria. The participant population represents a broad spectrum of nuclear weapons components designers, systems engineers, and various support and administrative function. A comprehensive look of the W88 Mk 5 AF&F system and component development provides some comparable data from engineers associated with this discreet product realization which began with MCdSTS in December of 1983 and completed FPU in July 1998. This characterization study included a look at the schedule limiteddrivers to the W88, organizational relationships, things worth repeating, identifiable roadblocks to shorter cycle times, and the design teams' views on opportunities to shorten cycle time.
Some similarities and differences are noted when comparing the DP Business Practices QFD output and preliminary reports associated with the Mk 5 AF&F. Further review of the data generated in the QFD will be provided by the Mk 5 AF&F characterization team. It should also be noted that there were at least two participants common to each of these activities.
The following themes are common to the output of both activities: 1. A need to design with more margin.
2.
A need for a network of suppliers approved for WR fabrication providing components which are well characterized at development. 3. A commercial components strategy is key. 4. Early involvement of the PA has not resulted in all the touted benefits of concurrent engineering. Specifically, production processing and producibility has not been impacted by early PA involvement. Including manufacturing engineering early may resolve this. 5. Subsystems are involved late; that is, after systems has committed to requirements. 6. The value of model-based design is questioned by the designers. 7. The designer viewpoint is that fewer development builds will result fiom more concurrence and inclusion in the requirements process, and solidification of requirements.
8. The QFD data shows procurement as a business practice in need of reengineering. The Mk5 characterization reports, specifically those from radar and stronglink indicate that when procurement was involved early the procurement process adequately supported product realization constraints. However, due to differences in procurement strategy between Sandia and KCD, the supplier selected in development often was not selected for procurement and this resulted in delays to the product realization cycle.
Items 2-8 will be addressed in the Final Recommendations.
Data Analysis
Tables 2 and 3 give summary statistics for the attendees scores for the weighted negative Pugh totals of the business practices impact on the overall PRP. Table 2 gives the average and standard deviation for the business practices with the top five most negatively weighted average scores on overall PRP impact. Four business practices consistently received a higher negatively weighted score. The group scoring, the individual scoring median and mean scores listed the following four business practices with consistently high negative scores:
Procurement, Traceability of Design Requirements, Engineering Development, and 0 Staffing for a Project.
However, scores for three of these business practices also had high standard deviations. High standard deviations indicate that there is disagreement among the attendees' individual scores.
Final Recommendations
Three projects were chosen to address, as a minimum, the top 20% negatively scored business practices. projects. In addition, the Mk 5 AF&F results were also considered when identifj.ing these projects. The projects are summarized below.
Sixteen out of the 49 business practices will be reviewed within these three
Qualification Process Project
The objective of this project is to develop and document a qualification process and plan for the Electronic Component Assembly (ECA)/Radar development activity. This project is sponsored by the ECA and radar pilots. Jay Templin, 12336, lead this project. The reengineering effort will address the following DP Business Practices: Supplier Development/Selection (-1 5), Supplier CertificatiodQualification (-22), Producflrocess Qualification (-8), Material Acceptance (-25), Supplier Management (-13),
Receiving (-IO),
Assure Acceptable Material (-24).
Procurement of WR Product (-27), and

Engineering Design Process Project
The objective of this project is to develop a detailed concurrent engineering development process flow for stockpile life extension programs. 
Engineering Information Systems Project
The objective of this project is to support the development of a clztailed engineering information system architecture. The scope will include the product realization process from design through disposal.
Project leadership has not been determined. A proposal by Keith Johnstone is being considered. This project will be coordinated with the Taos Beer Group (TBG) to remove duplication of effort and produce a product useful to TBG.
This project will be sponsored by the Business Practices project. The following DP business practices will be included: EWCO (-20), and Traceability of Design Requirements (-26). 
Definition (25 words or less):
The Engineering Release and Change Order Process begins with the initiation of the formal release of a drawing, document, etc. and ends with inputting the released information and the associated ER or CO into the current "Configuration Management System" and the "Image Management System." The information is also distributed to whoever needs it, including the DOE complex for production and outside suppliers. The project management information process begins with scoping the project followed by the preparation of schedules, budgets, work break down schedules, identification of required rerources, etc. This information continues to be updated and tracked through the life of the project.
PRP Subprocesses
PRP Subprocesses:
All Business Practice Type: Information System Includes: Doesn't Include:
Project planning tools (PDI, US, etc), budget, shop floor planning work breakdown schedules, Production planning and scheduling, shop floor planning and control, build schedules, customer requirements, etc.
Doesn't Include:
Product design and process development projects
Includes:
product definition by M i x with associated material and process information 32 Doesn't Include:
process material consumed that could have an effect but not specified in product definition process material consumed that could have an effect but not specified in product definition
all information collected during fabrication and certification process required by product acceptance specifications and process engineering requirements, tester data, PTD system, ROAs, 
